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SILICON NITRIDE FILM FORMING METHOD, 
SILICON NITRIDE FILM FORMING SYSTEM 
AND SILICON NITRIDE FILM FORMING 
SYSTEM PRECLEANING METHOD 

Field of the Invention 

The present invention relates to a silicon nitride film 
forming method, a silicon nitride forming system and a silicon 
nitride film forming system precleaning method. More 
specifically, the present invention relates to a silicon 
nitride film forming method that forms a silicon nitride film 
on a workpiece b .suppXyJLng JxexacJilorodiailane and -ammonia 
into the workpiece, a silicon nitride film forming system 
for carrying out the method, and a precleaning method of 
cleaning the silicon nitride film forming system. 

Description of the Re lated Art 

A semiconductor device fabricating process forms a thin 
silicon nitride film on a workpiece, such as a semiconductor 
wafer. A silicon nitride film is excellent in insulating 
performance and corrosion resistance and is used prevalently 
as an insulating film and a masking film for impurity 
diffusion and ion implantation. A silicon nitride film is 
formed, for example, by a chemical vapor deposition process 
(CVD process). The CVD process uses a theinnal processing 
system 51 as shown in Fig. 6 . A silicon nitride film is formed 
on a semiconductor wafer by the following process. 

A double-wall reaction tube 52 consisting of an inner 
tube 52a and an outer tube 52b is heated at a predetermined 
temperature in the range of, for example, 550 to 650 ""C by 
a heater 53. A wafer boat 55 holding a plurality of 
semiconductor wafers 54 is loaded into the reaction tube 52 
(inner tube 52a). Gases are discharged through an exhaust 
port 56 from the reaction tube 52 to evacuate the reaction 
tube 52 to a predetermined pressure in the range of, for 
example, 13.3 to 266 Pa (0.1 to 2 Torr) . After the reaction 
tube 52 has been evacuated to the predetermined pressure, 
hexachlorodisilane (SijClg) and ammonia NH3) are supplied 
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through a gas supply pipe 57 into the inner tube 52a to form 
a silicon nitride film on the semiconductor wafers 54. 

An exhaust gas containing reaction products produced 
by a thermal process is exhausted through the exhaust port 
56 and an exhaust pipe 58 by a vacuum pump 59 and is discharged 
outside from the thermal processing system 51. A trap 60 is 
placed in the exhaust pipe 58 to remove the reaction products 
from the exhaust gas . 

It is difficult to discharge all the exhaust gas outside 
the thermal processing system 51, and the reaction products 
deposit unavoidably on the exhaust port 56 and the exhaust 
pipe 58. If the silicon nitr id e film fgjnnJLjo.q^pxoaess ±s 
carried out by the thermal processing system 51 with the 
reaction products deposited on the exhaust port 56 and the 
exhaust pipe 58, the deposited reduction products come off 
the thermal processing system 51 and produce particles. If 
the particles float in the thermal processing system 51 and 
adhere to the semiconductor wafers 54, the yield of 
semiconductor devices fabricated by using those 
semiconductor wafers 54 is reduced. The reaction products 
removed from the exhaust gas accumulate in the trap 60. 

Maintenance work for removing the deposited reaction 
products from the parts of the thermal processing system 51 
is performed periodically, in which parts including the 
exhaust pipe 58 and the trap 60 are removed from the thermal 
processing system 51 and are cleaned by using, for example, 
hydrofluoric acid (HF solution) to remove the reaction 
products . 

When hexachlorodisilane and ammonia, i.e., source 
gases, are heated and reacted to each other, a Si-Cl-N-H 
compound, an intermediate product, is produced. Thus, the 
reaction products discharged into the exhaust pipe 5 8 include 
the Si-Cl-N-H compound. The Si-Cl-N-H compound is subject 
to hydrolysis. When the Si-Cl-N-H compound is hydrolyzed, 
hydrochloric acid is produced, reaction heat is generated 
and hydroly sates are produced. Therefore, when the exhaust 
pipe 58 coated with the Si-Cl-N-H compound is removed from 



the thermal processing system 51, the Si-Cl-N-H compound is 
exposed to the atmosphere and is hydrolyzed, and hydrochloric 
acid gas is produced. 

SUMMARY OF THE INVENTION 

The present invention has been made in view of the 
foregoing problem and it is therefore an object of the present 
invention to provide a silicon nitride film forming method 
and a silicon nitride film forming system capable of forming 
a silicon nitride film on a workpieces without depositing 
a Si-Cl-N-H compound in an exhaust system. 

Another object of the present invent ion is to -provide 
a silicon nitride film forming system precleaning method 
capable of removing a hexachlorodisilane polymer deposited 
in an exhaust system. 

According to the present invention, a silicon nitride 
film forming system includes: a reaction vessel capable of 
holding workpieces therein and provided with a first heating 
unit for heating workpieces at a process temperature; gas 
supply pipes for carrying hexachlorodisilane and ammonia into 
the reaction vessel; an exhaust pipe connected to the reaction 
vessel and provided with a second heating unit capable of 
heating the exhaust pipe at a temperature high enough to 
gasify an ammonium chloride, a reaction product; an exhaust 
system capable of exhausting gases from the reaction vessel 
through the exhaust pipe and of setting a pressure in the 
interior of the reaction vessel at a predetermined pressure; 
and a control unit for controlling the exhaust system to set 
the interior of the reaction vessel at the predetermined 
pressure and for controlling the supply of hexachlorodisilane 
and ammonia through the gas supply pipes into the reaction 
vessel; wherein the control unit is capable of controlling 
the first heating unit to set the pressure in the interior 
of the reaction vessel at a temperature capable of causing 
the thermal decomposition of hexachlorodisilane and of 
controlling the second heating unit to heat the exhaust pipe 
at a temperature capable of gasifying the ammonium chloride. 



Hexachlorodisilane and ammonia supplied through the 
gas supply pipes into the reaction vessel are reacted to each 
other by heat applied thereto by the first heating unit and 
a silicon nitride film is formed on the workpieces. When the 
hexachlorodisilane and the ammonium are reacted, hydrogen 
chloride is produced. Then the surplus ammonia and the 
hydrogen chloride are reacted to produce ammonium chloride / 
which is discharged into the exhaust pipe. The ammonium 
chloride discharged into the exhaust pipe does not sublime 
(solidify) in the exhaust pipe nor does deposit on the exhaust 
pipe. 

Preferably r the control unit controls the second 
heating unit so as to heat the exhaust pipe at 150 ""C or above, 
more preferably at a temperature in the range of 190 to 200 

When the exhaust pipe is heated at 150 ^^C or above, 
the ammonium chloride discharged into the exhaust pipe does 
not sublimate (solidify) nor does deposit in the exhaust 
pipe. 

According to the present invention, a silicon nitride 
film forming method comprises: a step of placing workpieces 
in a reaction vessel; a step of forming a silicon nitride 
film on the workpieces by supplying hexachlorodisilane and 
ammonia into the reaction vessel; and a step of exhausting 
gases from the reaction vessel through an exhaust pipe 
connected to the reaction vessel; wherein a reaction chamber 
defined by the reaction vessel is heated at a temperature 
capable of decomposing hexachlorodisilane by thermal 
decomposition when supplying hexachlorodisilane and ammonia 
into the reaction vessel, and the exhaust pipe is heated at 
a temperature capable of gasifying an ammonium chloride 
polymer when discharging the gases from the reaction vessel 
through the exhaust pipe. 

Hexachlorodisilane and ammonia supplied into the 
reaction vessel are reacted to each other and a silicon 
nitride film is formed on the workpieces. An ammonium 
chloride, a reaction product is produced when the 



hexachlorodisilane and the ammonia are reacted^ and the 
ammonium chloride is discharged into the exhaust pipe. The 
ammonium chloride discharged into the exhaust pipe does not 
sublimate (solidify) in the exhaust pipe nor does deposit 
in the exhaust pipe. 

Preferably / the exhaust pipe is heated at 150 ""C or above, 
more preferably at a temperature in the range of 190 to 200 
°C. When the exhaust pipe is heated at 150 °C or above, the 
ammonium chloride discharged into the exhaust pipe does not 
sublimate (solidify) nor does deposit in the exhaust pipe. 

According to the present invention, a precleaning 
method of precleaning a silicon nitride film forming sys^^^ 
including a reaction vessel into which hexachlorodisilane 
and ammonia are supplied to form a silicon nitride film on 
workpieces^ and an exhaust pipe connected to the reaction 
vessel includes a step of supplying ammonia into the reaction 
vessel, and a step of discharging ammonia from the reaction 
vessel into the exhaust pipe. 

In this precleaning method, ammonia is supplied through 
the reaction vessel into the exhaust pipe. The ammonia 
supplied into the exhaust pipe and a Si-Cl-N-H compound 
(intermediate product) deposited on the inner surface of the 
exhaust pipe, react to each other to produce a Si-N-H 
compound . 

Preferably, the reaction chamber is heated at a 
temperature in the range of, for example, 500 to 900 ""C during 
the precleaning method. Preferably, the exhaust pipe is 
heated at 100 ""C or above during the precleaning method. 
Preferably, the pressure in the interior of the exhaust pipe 
is set at pressures in the range of 665 to 66500 Pa during 
the precleaning method. 

Preferably, in the precleaning method, an inert gas is 
supplied through the reaction vessel into the exhaust pipe 
prior to supplying ammonia through the reaction vessel into 
the exhaust pipe to clean the exhaust pipe. 

Preferably, in the precleaning method, an inert gas is 
supplied through the reaction vessel into the exhaust pipe 



after supplying ammonia through the reaction vessel into the 
exhaust pipe. Thus, ammonia supplied for precleaning can be 
completely purged away. 

BRTEF DESCRIP TTQN OF THE DRAWINGS 

Fig. 1 is a schematic view of a thermal processing 
system, i.e., a silicon nitride film forming system, in a 
preferred embodiment according to the present invention; 

Fig. 2 is a recipe of assistance in explaining a silicon 
nitride film forming method in a first embodiment according 
to the present invention; 

Fig. 3 is a recipe of assistance in explaining ,a 
precleaning method in a second embodiment according to the 
present invention of cleaning a silicon nitride film forming 
system; 

Fig. 4 is a graph showing hydrochloric acid 
concentration after steps of the second embodiment; 

Fig. 5 is a graph showing ammonia concentration after 
the steps of the second embodiment; and 

Fig 6 is a schematic view of a conventional thermal 
processing system. 

DESCRTPTTQN OF THE PRF FRRRED KMBQDTMKNTS 

A silicon nitride film forming method, a silicon 
nitride film forming system and a precleaning method of 
cleaning the silicon nitride film forming system, embodying 
the present invention will be described. 

First Embodiment 
A silicon nitride film forming method and a silicon 
nitride forming system in a first embodiment will be described 
as applied to forming a silicon nitride film on semiconductor 
wafers (workpieces) by using a batch type vertical thermal 
processing system shown in Fig. 1. 

Referring to Fig. 1, a thermal processing system 1 has 
a substantially cylindrical reaction vessel 2 extending in 
a vertical position. The reaction vessel 2 is a double-wall 
structure consisting of an inner tube 3 defining a film 



forming region, and an outer tube 4 covering the inner tube 
3 so as to define an annular space of a fixed width together 
with the inner tube 3 and having a top wall. The inner tube 
3 and the outer tube 4 are formed of a heat-resisting material, 
such as quartz. 

The outer tube 4 is mounted on a tubular manifold 5 
formed of a stainless steel (SUS, JIS) . The lower end of the 
outer tube 4 is joined closely to the manifold 5 . The inner 
tube 3 supported on a support ring 6 formed integrally with 
the manifold 5 and protruding from the inner surface of the 
manifold 5 . 

A lid 7 is disposed beneath the man if 5. Ttie l±d 
can be vertically moved by a boat elevator 8 . The boat 
elevator 8 raises the lid 7 to close the open lower end of 
the manifold 5. 

A wafer boat 9 formed of, for example, quartz is mounted 
on the lid 7. the wafer boat 9 holds a plurality of 
semiconductor wafers 10, i.e., workpieces, at predetermined 
vertical intervals . 

An insulating cover 11 surrounds the reaction vessel 
2. The insulating cover 11 is provided, on the inner surface 
of its side wall, with a reaction vessel heater 12 including, 
for example, a resistance-heating element. 

A plurality of process gas supply pipes 13 are connected 
to the side wall of the manifold 5 and extend into the inner 
tube 3. Only one of the process gas supply pipes 13 is shown 
in Fig. 1. For example, as shown in Fig. 1, each process gas 
supply pipe 13 is passed through a part of the side wall of 
the manifold below the support ring 6 (below the inner tube 
3), a free end part of each process gas supply pipe 13 is 
bent upwardly into the inner tube 3. Hexachlorodisilane 
(SijClg) and ammonia (NH3), i.e., process gases, are supplied 
into the inner tube 3. A discharge port 14 is formed in a 
part of the side wall of the manifold 5 at a level above that 
of the support ring 6. The discharge port 14 communicates 
with the annular space between the inner tube 3 and the outer 
tube 4 of the reaction vessel 2. Hexachlorodisilane and 



ammonia are supplied through the process gas supply pipes 
13 into the inner tube 3 to perform a film forming process. 
Reaction products produced by the film forming process flows 
through the annular space between the inner tube 3 and the 
5 outer tube 4^ and are discharged through the discharge port 
14. A purging gas supply pipe 15 for supplying nitrogen gas 
as a purging gas is connected to a part of the side wall of 
the manifold below the discharge port 14. 

An exhaust pipe 16 is connected hermetically to the 

10 discharge port 14. The exhaust pipe 16 is formed by 
connecting a plurality of pipes 16a by joints 16b. When 
cleaning the exha ust pipe ^16 ., the joints IjSb are removed to 
disassemble the exhaust pipe 16 into individual pipes 16a, 
and then the pipes 16a and the joints 16b are cleaned. 

15 A valve 17, a trap 18 and a vacuum pump 19 are placed 

in the exhaust pipe 16 in that order with respect to a 
direction in which exhausted gases flows through the exhaust 
pipe 16. The valve 17 is controlled so as to adjust pressure 
in the reaction vessel 2 and the exhaust pipe 16 to a 

20 predetermined pressure. The trap 18 consists of, for example, 
a water cooling trap capable of removing the reaction products 
from the discharged gas. The vacuum pump 19 evacuates the 
reaction vessel 2 through the exhaust pipe 16 to adjust 
pressure in the reaction vessel 2 and the exhaust pipe 16. 

25 The temperature of the exhaust pipe 16 is adjusted to a 
predetermined temperature by an exhaust pipe heater 20. 

The boat elevator 8, the reaction vessel heater 12, the 
process gas supply pipes 13, the purging gas supply pipe 15, 
the valve 17, the vacuum pump 19 and the exhaust pipe heater 

30 2 0 are connected to a control unit 21. The control unit 21 
includes a microprocessor and a process controller. The 
control unit 21 measures temperatures and pressures in 
specified parts of the thermal processing system 1, and 
provides control signals on the basis of measured data to 

35 control the parts of the thermal processing system 1. 

A silicon nitride film forming method performed by the 
thus constructed thermal processing system 1 will be 




described with reference to a recipe (time sequence) shown 
in Fig. 2. The control unit 21 controls the following 
respective operations of the components of the thermal 
processing system 1. 

The boat elevator 8 lowers the lid 7 , and the wafer boat 
9 holding semiconductor wafers 10 is mounted on the lid 7. 
Nitrogen gas is supplied at a predetermined flow rate through 
the purging gas supply pipe 15 into the reaction vessel 2, 
the lid 7 is raided by the boat elevator 8 to load the wafer 
boat 9 holding the semiconductor wafers 10 into the reaction 
vessel 2. Thus, the semiconductor wafers 10 are placed in 
the inner tube 3 of t lie react io 
vessel 2 is sealed (loading step). 

The exhaust pipe 16 and the valve 17 are heated at a 
temperature capable of gasifying the hexachlorodisilane 
polymer/ such as a temperature in the range of 190 to 200 
''C by the exhaust pipe heater 20 . If the temperature of those 
parts is lower than 190 the hexachlorodisilane polymer 
sublimes (in this case, change from a gaseous state into a 
solid state) and deposits on the exhaust pipe 16 and the 
associated parts. If the temperature of those parts is 
higher than 200 "^C, parts, such as O rings included in the 
valve 17, are subject to thermal degradation. Therefore, it 
is preferable that the temperature of the exhaust pipe 16 
and the associated parts is in the range of 190 to 200 °C. 

After the reaction vessel 2 has been sealed, the valve 
17 is opened properly and the vacuum pump 19 is actuated to 
start evacuating the reaction vessel 2. More specifically, 
nitrogen gas is supplied at a predetermined flow rate through 
the purging gas supply pipe 15 into the reaction vessel 2, 
the opening of the valve 17 is controlled, and the vacuum 
pump 19 is operated to evacuate the reaction vessel 2. The 
evacuation of the reaction vessel 2 is continued until the 
pressure in the reaction vessel 2 changes from a normal 
pressure to a predetermined pressure in the range of, for 
example, 13.3 to 2 66 Pa (0.1 to 2 Torr). 

The interior of the reaction vessel 2 is heated at a 
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temperature in the range of, for example, 550 to 650 °C capable 
of causing the thermal decomposition of hexachlorodisilane 
by the reaction vessel heater 12. Operations for evacuating 
the reaction vessel 2 and heating the interior of the reaction 
vessel 2 are continued until the pressure and temperature 
in the reaction vessel 2 are stabilized at the predetermined 
pressure and the predetermined temperature (stabilizing 
step ) . 

The supply of nitrogen gas through the purging gas 
supply pipe 15 is stopped after the pressure and temperature 
in the reaction vessel 2 are stabilized at the predetermined 
pressure and the predetej^^ temperature ■ Subs.equeatly:- 

hexachlorodisilane and ammonia are supplied through the 
process gas supply pipes 13 into the inner tube 3 at 
predetermined flow rates / such as 0.03 1/min and 0.9 l/min, 
respectively . 

The hexachlorodisilane and the ammonia supplied into 
the inner tube 3 are heated and thermally decomposed. 
Consequently, a silicon nitride film (Si3N4 film) is formed 
on the surfaces of the semiconductor wafers 10 (film forming 
step) . 

A Si-Cl-N-H compound and an ammonium chloride (NH4CI) , 
intermediate products are produced by reaction of 
hexachlorodisilane and ammonia. An exhaust gas containing 
the Si-Cl-N-H compound and the ammonium chloride (NH4CI) is 
discharged from the reaction vessel 2 through the discharge 
port 14 into the exhaust pipe 16. 

Since the exhaust pipe 16 and the valve 17 are heated 
at the temperature capable of gasifying the NH4CI, the NH4CI 
is unable to sublime (solidify) in the exhaust pipe 16, but 
the Si-Cl-N-H compound sublimes in the exhaust pipe 16. The 
Si-Cl-N-H compound may produce a hydrochloric acid gas when 
the exhaust pipe 16 is disassembled and open to the atmosphere 
by maintenance work. However, the generation of the 
hydrochloric acid gas can be prevented by purging the exhaust 
pipe 16 with an ammonia, for example, at 13300Pa before 
disassembling the exhaust pipe 16. 
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Ammonium chloride (NH4CI) is a principal reaction 
product produced by the interaction of hexachlorodisilane 
and ammonia. Since the exhaust pipe 16 and the valve 17 are 
heated at a temperature in the range of 190 to 200 ""C, the 
ammonium chloride does not deposit on the exhaust pipe 16, 
flows into the trap 18 and solidify there. 

After the silicon nitride film of a predetermined 
thickness has been formed on the surfaces of the semiconductor 
wafers 10, the supply of hexachlorodisilane and ammonia 
through the process gas supply pipes 13 is stopped. Then, 
the opening of the valve 17 is controlled, the vacuum pump 
19 is operated to exhaust the remaining in the xeaction 
vessel 2, nitrogen gas is supplied at a predetermined flow 
rate through the purging gas supply pipe 15, and the gas 
remaining in the reaction vessel 2 is exhausted through the 
exhaust pipe 16 (purging step) . Preferably, a purging cycle 
including operations for discharging the gas from the 
reaction vessel 2 and supplying nitrogen gas into the reaction 
vessel 2 is repeated several times to ensure that the gas 
in the reaction vessel 2 is discharged properly. 

Then, nitrogen gas is supplied at a predetermined flow 
rate through the purging gas supply pipe 15 into the reaction 
vessel 2 to make the interior of the reaction vessel 2 at 
the normal pressure, and the wafer boat 9 holding the 
semiconductor wafers 10 is unloaded from the reaction vessel 
2 (unloading step). 

As apparent from the foregoing description, the 
deposition of silane chloride polymer on the exhaust pipe 
16 and the associated parts can be prevented because the 
exhaust pipe 16 and the valve 17 are heated at the temperature 
capable of gasifying the silane chloride polymer. Thus, it 
is possible to prevent the generation of hydrochloric acid 
gas in the exhaust pipe 16 when cleaning the disassembled 
exhaust pipe 16. 

Second Embodiment 

A precleaning method of a silicon nitride film cleaning 
system in a second embodiment according to the present 



invention will be described in connection with the thermal 
processing system 1 in the first embodiment. The precleaning 
method is performed prior to disassembling and cleaning the 
thermal processing system 1 after completing the film forming 
5 process of forming the silicon nitride film on the 
semiconductor wafers 10. The precleaning method will be 
described with reference to a recipe shown in Fig. 3. A film 
forming process is performed on the same conditions as the 
first embodiment, except that the exhaust pipe 16 and the 

10 valve 17 are heated at 150 

The film forming process will be briefly described. 
Nitrogen gas is supplied at a predetermi^^ 
through the purging gas supply pipe 15 into the reaction 
vessel 2f and the wafer boat 9 holding the semiconductor 
15 wafers 10 is loaded into the reaction vessel 2 (loading step) . 

The exhaust pipe 16 and the valve 17 are heated at a 
temperature not lower than 100 ""C, for example, at 150 °C by 
the exhaust pipe heater 20. The hexachlorodisilane polymer 
tends to sublime and deposit on the exhaust valve 16 if the 
20 temperature of the exhaust pipe 16 and the valve 17 is below 
100 ^'C. 

Nitrogen gas is supplied at a predetermined flow rate 
through the purging gas supply pipe 15 into the reaction 
vessel 2f while the reaction vessel 2 is evacuated to keep 

25 the pressure in the interior of the reaction vessel 2 at a 
predetermined pressure in the range of, for example, 13.3 
to 2 66 Pa ( 0 . 1 to 2 Torr ) . The interior of the reaction vessel 
2 is heated at a temperature in the range of, for example, 
550 to 650 °C capable of causing the thermal decomposition 

30 of hexachlorodisilane by the reaction vessel heater 12. 
Operations for evacuating the reaction vessel 2 and heating 
the interior of the reaction vessel 2 are continued until 
the pressure and temperature in the reaction vessel 2 are 
stabilized at the predetermined pressure and the 

35 predetermined temperature (stabilizing step). 

The supply of nitrogen gas through the purging gas 
supply pipe 15 is stopped after the pressure and temperature 
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in the reaction vessel 2 are stabilized at the predetermined 
pressure and the predetermined temperature. Subsequently, 
hexachlorodisilane and ammonia are supplied through the 
process gas supply pipes 13 into the inner tube 3 at 
5 predetermined flow rates, such as 0.03 1/min and 0.9 1/min^ 
respectively (film forming step). 

A Si-Cl-N-H compound (intermediate product) is 
produced simultaneously with the reaction of 
hexachlorodisilane and ammonia, and is discharged as an 
10 exhaust gas from the reaction vessel 2 through the discharge 
port 14 into the exhaust pipe 16. Since the exhaust pipe 16 



O and the yalye 17 are Jiea.ted. at 15.0 ""C, it is. unli.kely tha-t 
the Si-Cl-N-H compound will sublime in the exhaust pipe 16. 

Si Thus, it is difficult for the Si-Cl-N-H compound to deposit 

?^ 15 on the exhaust pipe 16 and the valve 17. However, the 

sj deposition of the Si-Cl-N-H compound on the exhaust pipe 16 

^ and the valve 17 cannot perfectly be prevented and some of 

P 

«j the Si-Cl-N-H compound may deposit unavoidably on the exhaust 

O pipe 16 and the valve 17. 

01 

20 After the silicon nitride film of a predetermined 

fU thickness has been formed on the surfaces of the semiconductor 



wafers 10, the supply of hexachlorodisilane and ammonia 
through the process gas supply pipes 13 is stopped. Then, 
the reaction vessel 2 is evacuated, and nitrogen gas is 

25 supplied at a predetermined flow rate through the purging 
gas supply pipe 15 into the reaction vessel 2 to purge away 
the gas remaining in the reaction vessel 2 through the exhaust 
pipe 16 (purging step). 

Then, nitrogen gas is supplied at a predetermined flow 

30 rate through the purging gas supply pipe 15 into the reaction 
vessel 2 to keep the pressure in the interior of the reaction 
vessel 2 at the normal pressure, and the wafer boat 9 holding 
the semiconductor wafers 10 is unloaded from the reaction 
vessel 2 (unloading step). 

35 Reaction products including the Si-Cl-N-H compound may 

deposit on the exhaust pipe 16 and the associated parts after 
the film forming process has been repeated several times. 
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Upon the deposition of an amount of the reaction products 
exceeding a predetermined limit, the thermal processing 
system 1 is disassembled and a cleaning process is performed. 
The thermal processing system 1 must be precleaned by a 
precleaning method before the cleaning process. The 
precleaning method will be described hereinafter. 

A predetermined amount of an inert gas , such as nitrogen 
gas, is supplied through the purging gas supply pipe 15 into 
the reaction vessel 2, and then the reaction vessel 2 is sealed. 
Subsequently, nitrogen gas is supplied at a predetermined 
flow rate and the reaction vessel 2 is evacuated to maintain 
the interior of the reaction vessel 2 at a high yacuum. T,he 
interior of the reaction vessel 2 is heated at a temperature 
in the range of, for example, 500 to 900 °C by the reaction 
vessel heater 12 (preparatory step) . Hexachlorodisilane can 
be decomposed at 500 and the same is decomposed completely 
at 900 ^'C. 

The interior of the reaction vessel 2 can be heated at 
temperatures higher than 900 ""C. However, since 
hexachlorodisilane is decomposed by heat at 900 "^C and parts, 
such as O rings, of the reaction vessel 2 are thermally 
degraded when the interior of the reaction vessel 2 is heated 
at a temperature higher than 900 °C, it is preferable that 
the temperature of the interior of the reaction vessel is 
in the range of 500 to 900 ""C. Since hexachlorodisilane is 
substantially decomposed by heat at 800 °C, it is more 
preferable that the temperature of the interior of the 
reaction vessel 2 is in the range of 800 to 900 °C. 

The exhaust pipe 16 and the valve 17 are heated at 150 
""C by the exhaust pipe heater 20. Preferably, the exhaust 
pipe 16 and the associated parts are heated at 100 °C or above 
to make it difficult for the Si-Cl-N-H compound (intermediate 
product) to sublime. The exhaust pipe 16 and the valve 17 
are heated at 150 ""C, which is equal to the temperature at 
which the exhaust pipe 16 and the valve 17 are heated for 
the film forming process. 

An inert gas, such as nitrogen gas, is supplied at a 
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predetermined flow rate through the purging gas supply pipe 
15 into the reaction vessel 2 to purge the reaction vessel 

2 and the exhaust pipe 16 of the gas remaining therein with 
nitrogen gas (high-temperature N2-purging step). In the 
high-temperature N2-purging step, a thermal process is 
performed to create a state that facilitate reaction between 
Si-Cl-N-H compound and ammonia in the subsequent NHj-purging 
step. 

Subsequently, the pressure in the reaction vessel 2 and 
the exhaust pipe 16 is maintained in the range of , for example, 
665 to 66500 Pa (5 to 500 Torr). Increase in the pressure 
in the exhaust pipe 16 can extend tijne for w.h±cii -the gas 
f lowing through the exhaust pipe 16 stays in the exhaust pipe 
16. Therefore it is preferable that the pressure in the 
reaction vessel 2 and the exhaust pipe 16 is in the range 
of, for example, 13300 to 15960 Pa (100 to 120 Torr). 

The supply of nitrogen gas through the purging gas 
supply pipe 15 is stopped and ammonia is supplied at a 
predetermined flow rate of, for example, 2 1/min through the 
process gas supply pipe 13 into the space in the inner tube 

3 to purge the reaction vessel 2 and the exhaust pipe 16 with 
ammonia (NHj-purging step). In the NH3-purging step, the 
Si-Cl-N-H compound remaining in the exhaust pipe 16 and the 
associated parts react with ammonia to produce Si-N-H 
compound. Heating the exhaust pipe 16 and the valve 17 at 
150 °C by the exhaust pipe heater 20 can help the reaction 
of the Si-Cl-N-H compound with the ammonia. 

Then, the reaction vessel 2 is maintained at a high 
vacuum, and the interior of the reaction vessel 2, the 
exhaust pipe 16 are cooled to a room temperature, and the 
supply of ammonia through the process gas supply pipe 13 is 
stopped. Then, nitrogen gas is supplied at a predetermined 
flow rate through the purging gas supply pipe 15 into the 
reaction vessel 2 to purge the reaction vessel 2 and the 
exhaust pipe 16 with nitrogen gas (low-temperature Nj-purging 
step). The low-temperature Nj-purging step can remove 
ammonia used in the NHj-purging step from the reaction vessel 
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2 and the exhaust pipe 16. 

Nitrogen gas is supplied through the purging gas supply 
pipe 15 into the reaction vessel 2 to keep the pressure in 
the interior of the reaction vessel 2 at the normal pressure 
(normal pressure restoration step). 

After the precleaning method is thus completed/ the 
exhaust pipe 16 and the specified parts of the thermal 
processing system 1 are disassembled and a cleaning process 
is performed to clean the exhaust pipe 16 and the specified 
parts individually. In the cleaning process ^ the joints 16b 
are removed to disassemble the exhaust pipe 16 into individual 
pipes 16a/ and then the pipes 16a and the joints 16b axe 
cleaned with, for example, hydrofluoric acid solution to 
remove the Si-N-H compound. 

Hydrochloric acid concentration and ammonia 
concentration in five parts in the exhaust pipe 16, i.e., 
(a) a part in the vicinity of the discharge port 14, (b) a 
part between the discharge port 14 and the valve 17, (c) a 
part immediately above the valve 17, ( d ) a part immediately 
behind the trap 18 and (e) a part immediately above the vacuum 
pump 19, were measured with a gas detector immediately after 
the film forming process, after the high-temperature N2- 
purging step, after the NHa-purging step, and after the 
low-temperature Nj-purging step respectively. Figs. 4 and 
5 are graphs respectively showing measured hydrochloric acid 
concentrations and ammonia concentrations. 

As shown in Fig. 4, any hydrochloric acid was not 
detected in any parts in the exhaust pipe 16 after the 
low-temperature purging step, because a chlorine component 
of the Si-Cl-N-H compound in the exhaust pipe 16 was reduced 
by the reaction of the Si-Cl-N-H compound and ammonia by the 
NHj-purging step. 

As shown in Fig. 5, ammonia was not detected at all in 
any parts in the exhaust pipe 16 after the low-temperature 
Nj-purging step, because the exhaust pipe 16 was purged of 
ammonia by the low-temperature Na-purging step. 

Hydrochloric acid concentration of the atmosphere was 
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measured when the exhaust pipe 16 was disassembled after the 
precleaning method. Hydrochloric acid was not detected at 
all in the exhaust pipe 16, which proved that hydrochloric 
acid was not produced when the exhaust pipe was disassembled. 
Thus, it was proved that the chlorine component of the 
Si-Cl-N-H compound deposited on the exhaust pipe 16 was 
reduced and the safety of work for disassembling the exhaust 
pipe 16 was insured. 

As apparent from the foregoing description^ according 
to this embodiment^ since the interior of the reaction vessel 
2 is heated at a temperature in the range of 500 to 900 °C 
and the exha^ust .pipe L6 is purged^with ammonia ^ the chlorine 
component of the Si-Cl-N-H compound deposited on the exhaust 
pipe can be reduced and the exhaust pipe can be safely 
disassembled and cleaned. 

Since the high-temperature Nj-purging step is 
performed before the NHj-purging step, the reaction of the 
Si-Cl-N-H compound and the ammonia can be facilitated. Since 
the low-temperature Nj-purging step is performed after the 
NHj-purging step, exhaust pipe 16 can be purged of ammonia 
used by the NHj-purging step and remaining in the exhaust pipe 
16. 

The following modifications of the foregoing 
embodiments are possible. 

Although the first embodiment heats the exhaust pipe 
16 and the associated parts at a temperature in the range 
of 190 to 200 °C, the exhaust pipe 16 and the associated parts 
may be heated at a temperature capable of gasifying the NH4CI 
and the same may be heated at a temperature higher than 2 00 
°C . If the exhaust pipe 16 and the associated parts are heated 
at a temperature higher than 200 °C, it is preferable to use 
heat-resistant parts as parts of the exhaust pipe 16 in order 
that those parts may not be deteriorated by heat. 

Although in the second embodiment, the high- 
temperature N2-purging step is performed before the NH3- 
purging step, the high- temperature Na-purging step may be 
omitted. When the high-temperature Nj-purging step is 
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omitted^ the Si-Cl-N-H compound (intermediate product) 
deposited on the exhaust pipe 16 and the associated parts 
can react with ammonia in the NH3-purging step. However, it 
is preferable to heat the reaction vessel 2 at a high 
temperature in the NH3-purging step or to perform the 
NHj-purging step for an extended period of time to ensure the 
complete reaction of the Si-Cl-N-H compound deposited on the 
exhaust pipe 16 and the associated parts with ammonia. 

Although in the second embodiment, the low-temperature 
Nj-purging step is performed after the NHa-purging step, the 
low-temperature Nj-purging step may be omitted. If the 
Nj-purging step is omitted . tb.^_,S±-Cl--=N:=^H -compou-iid deposd^^ 
on the exhaust pipe 16 and the associated parts can react 
with ammonia. In the low-temperature Nj-purging step, 
similarly to the NHj-purging step, the exhaust pipe 16 and 

the valve 17 may be heated at 150 which enables the further 
effective removal of ammonia remaining in the exhaust pipe 
16. 

Although in the second embodiment, the exhaust pipe 16 

and the associated parts are heated at 150 ''C in the NH3- 
purging step, the exhaust pipe 16 and the associated parts 
do not necessarily need to be heated. The Si-Cl-N-H 
compound deposited on the exhaust pipe 16 and the associated 
parts can also react with ammonia in the NHj-purging step. 

In the first embodiment, parts of the process gas supply 
pipes 13 extending outside the manifold 5 may be heated by 
a heater to decompose hexachlorodisilane and substances 
produced by the thermal decomposition of hexachlorodisilane 
may be supplied into the reaction vessel 2. Thus, 
hexachlorodisilane can be completely decomposed and 
substances produced through the thermal decomposition of 
hexachlorodisilane can be supplied into the reaction vessel 
2. 

Although the invention has been described as applied 
to the batch type vertical thermal processing system provided 
with the double-wall processing vessel 2 consisting of the 
inner tube 3 and the outer tube 4, the present invention is 
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not limited thereto in its practical application and is 
applicable to various types of processing systems provided 
with a single-wall processing vessel for forming a silicon 
nitride film on workpieces. The workpieces are not limited 
to semiconductor wafers 10 and may be, for example, glass 
substrates for LCDs. 

As apparent from the foregoing description, according 
to the present invention, a silicon nitride film can be formed 
on workpieces without depositing the Si-Cl-N-H compound on 
the exhaust system, and the Si-Cl-N-H compound deposited on 
the exhaust system can be removed. 



